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The maximum biosorption capacities for the three The maximum biosorption capacities for the three The maximum biosorption capacities for the three heavy metals o heavy metals o heavy metals o heavy metals occurred at pH between 5.5 to ccurred at pH between 5.5 to ccurred at pH between 5.5 to ccurred at pH between 5.5 to 6.5 6.5 6.5 6.5. The most problematic contaminants include heavy metals, pesticides and other organic compounds which can be toxic to wildlife and humans in small concentration [1] Consequently, heavy metals are on the forefront of academic and regulatory concern, since millions of gallons of water containing toxic heavy metals are generated annually from several metal processing industries and discharged into the environment.
Metals discharged into water bodies are not biodegraded but undergoes chemical or microbial transformations, creating large impact on the environment and public health [2] . Therefore, awareness is rapidly growing worldwide and one of its offshoots is treatment and removal of heavy metals from such effluent to permissible limits before discharging into natural streams and rivers. Towards this direction, several conventional wastewater technologies were succinctly developed and are in use at large scale, to reduce hazardous compound concentration in wastewater from higher to lower level [3] . Application of such traditional treatments requires enormous cost and continuous input of chemicals which makes them unsustainable and uneconomical. Hence, easy, effective, economical and eco-friendly techniques are required for fine-tuning of wastewater treatment [4] . The search for new technologies involving the removal of toxic metals from wastewaters has directed attention to biosorption, based on metal binding capacities of various biological materials. Biosorption can be defined as the ability of biological materials to accumulate heavy metals from wastewater through mediated or physico-chemical pathways of uptake [5] . Algae, bacteria, fungi and yeast have proved to be potential metal biosorbents [6] . The biosorption process involves a solid phase (sorbent or biosorbent) and liquid phase (solvent, usually water containing a dissolved species to be sorbed. Due to higher affinity of sorbent for the sorbate species, the latter is attracted and bound there by different mechanisms. The process continues until equilibrium is established between the amount of solid-bound sorbate species and its proportion remaining in the solution. The degree of sorbent affinity for sorbate determines its distribution between the solid and liquid phases. Biosorption is a physico-chemical process that occurs naturally in certain biomass which allows it to passively concentrate and bind contaminants onto its cellular structure [7] . Biosorption typically involves a combination of active and passive mechanisms, starting with the diffusion of the metal ion to the surface of the microbial cell [8, 9] . The ability of microorganisms to interact with and accumulate a variety of metal ions has been well documented [10] . However, there are significant variations in metal uptake capacity among different genera, different species, and also different strains within a species [11] . The literature shows that previous researchers have examined basic and applied aspects of heavy metal biosorption by variety of cellbiomass sources. This includes molds [12] , algae [13, 14] , bacteria [15, 16, 17, 18, 19] and fungi [20, 21] . A review on the application of microbial biofilms to accumulate heavy metals in large-scale operations suggested that their use was limited to low metal concentrations due to waste-stream toxicity [22] . Bacteria make excellent biosorbents because of their high surface-to-volume ratios [23] . Metal binding behaviour has been evaluated on the basis of bacterial cell, gram reaction for viable cells [24] and cell walls and envelopes [25] . Gram-positive bacteria are particularly suitable for metal binding [26, 27] . Sorption of metals to activated sludge solids has been found to conform to the Langmuir and Freundlich isotherms [24] . In a separate study on the removal of heavy metals with sulfides produced by the sulfate reducing bacteria, it was observed that the rate of metal removal was greater than the rate of sulfide production [28] . Moreso, biosorption utilizes the ability of biological materials to accumulate heavy metals from aqueous solutions by either metabolically mediated or purely physico-chemical pathways of uptake [5] . The biological materials that have been investigated for heavy metal uptake include fungi [29] , bacteria [30] , yeast [2] , micro-algae [31] and macroalgae [32] . Many of these materials are available in large quantities either as industrial waste by-products or from the natural sources. Wastewater reservoir was filled with a mixture of wastewater from University of Nigeria, Nsukka wastewater stabilization pond and zinc chloride to obtain 50mg/l concentration of Zn 2+ in the solution. 2.5g of biosorbents were introduced into the treatment units. The treatment units have baffles to enhance mixing of the wastewater with the biosorbent. The hob at the exit of the treatment unit has a sieve (in this case, whatman filter paper) to limit the quantity of biosorbents that leave the treatment units. The flow into the treatment units and out of the batch reactor/reservoir is controlled by flow controls as shown above. During the 3-day period of operation, the reactor was monitored for 30 minutes, 2 hours, 24 hours, 48 hours and 72 hours respectively for metal ion concentration of the effluent solution, biosorption capacity (q) and removal efficiency. The biosorption capacity or metal uptake rate was calculated using the following mass balance equation:
(1) Where qt(mg/g); is the biosorption capacity or metal uptake rate at time t Co(mg/l) and Ct(mg/l) are the initial metal ion concentration and metal ion concentrations at time t in the solution, respectively; V(l) is the solution volume; and M(g) is the mass of biosorbent.The pH of both reactors was kept constant with the aid of a buffer, 0.1m HCl and 0.1m NaOH. Room temperature was assumed throughout the experiments as temperature range of 20 -35 o C has no effect on biosorption processes of microorganisms [33] . The same experiment was repeated for Cu 2+ and Mn 2+ .
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By keeping all other parameters such as pH, mass of biosorbents (2.5g), temperature (room temperature) and contact time constant (3 days), the same experiments as above were repeated with initial metal ion concentration of 100mg/l, 200mg/l, 300mg/l, 400mg/l and 500mg/l of Zn 2+ respectively with the sole aim of obtaining the concentration of zinc ion at 25 minutes detention time and at equilibrium. The metal concentration of both the influents and effluents were obtained using a HI83200 Multiparameter spectrophotometer. The amount of metal adsorbed by each biosorbent was calculated using the following balance equation:
Where qe is the equilibrium biosorption capacity or metal uptake (mg/g); Co and Ct are the initial metal ion concentration and metal ion concentrations at time t in the solution (mg/l), respectively; V is the solution volume (l); and M is the mass of biosorbent (g). The same experiment was performed for copper and manganese ions.
E E E
Effect of pH on Biosorption Capacity ffect of pH on Biosorption Capacity ffect of pH on Biosorption Capacity ffect of pH on Biosorption Capacity This was achieved by keeping constant, the initial zinc ion concentration at 200mg/l, contact time at 3-days, room temperature and mass of biosorbents at 2.5g, the pH of the solution was varied from 2, 4, 6, 8 and 10 respectively. The pH of the solution was equilibrated by using 0.1 M HCl and 0.1 M NaOH. The equilibrium concentrations were obtained and metal uptake rates calculated respectively. The pH of the solution was read with a pH meter. The same experiment was performed for copper and manganese ions.
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Capacity Capacity Capacity This was also achieved by keeping constant, the initial zinc ion concentration at 200mg/l, contact time at 3days, room temperature and pH at 6, mass of biosorbents were varied from 1g, 2g, 3g, 4g, and 5g respectively. The equilibrium concentrations were obtained and metal uptake capacities calculated Figures 1 -3 represent the effect of contact time on biosorption of zinc, copper and manganese respectively by the five aforementioned microorganisms. On the average, the biosorption capacity or metal uptake increases with time. The equilibrium biosorption capacity was attained within 72 hours. The most remarkable is the biosorption of zinc by Staphylococcus xylosus which reached equilibrium state within 24 hours as shown on Figure  1 . Also, the chats show that there were high rates of biosorption within the first few hours, which later declined until equilibriums were established. Figures  4 -6 represent the effect of initial sorbate concentration on biosorption capacity. As expected, increase in initial metal ion concentration led to increase bisorption capacity of the biosorbents. Table 1 below shows different removal efficicncies of the biosorbents on the three selected heavy metal Similarly Bacillus circulans has proved to be the best biosorbent for the removal of both copper and manganese ions in wastewaters. These two bisorbents, Staphylococcus xylosus and Bacillus circulans are both gram positive bacteria. The reason why gram-positive bacteria adsorb heavy metals more than gram-negative ones could be attributed to their cell wall arrangenements. A typical gram-positive bacteria contain multiple layered peptidoglycan while gram-negative bacterium cell contains only a single layer of peptidoglycan. On a general note, the high removal efficiencies (see table 1) shown by this study indicate that the five microorganisms under study are good biosorbents of the three heavy metals researched on but on a specific note, Staphylococcus xylosus is recommended for removal of zinc ions while Bacillus circulans is recommended for removal of Copper and Manganese respectively. Moreso, the preference in adsorption of one heavy metal to others exhibited by the five microbes indicates that biosorption depends on available sites and the nature of those sites. The contents of the available sites have a great influence on the adsorption of a specific adsorbate over another. The result of the bisorption isorthem has proven that none of the two most popular used isotherms can be singled out as the best in describing the biosorption experiments. 
